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Abstract 
Solar thermal system consists of manual tracking parabolic concentrator, a black receiver and main receiver which is 
a finned system used for condensation. Brackish water is kept in a black receiver which is located at the focal point of 
parabolic concentrator. Because of high temperature at the focal point, steam is generated in the black receiver, which 
is then condensed in main receiver and drips into a storage container in the form of pure water, without electricity. 
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1. Introduction 
The lack of pure drinking water has been a great challenge for humanity and it is directly related to 
80% of the world’s illnesses and to 50% of total infantile death. In the urban area especially, the water 
undergoes lots of water treatment process but in rural area, there is significant shortage of water and its 
treatment [1].  One of the ways of purification is,  the process of distillation. To remove impurities from 
water by distillation, the water is usually boiled in a chamber, causing water to vaporize, and the pure 
steam leaves the non volatile contaminants behind. The steam moves to a different part of the unit and is 
cooled until it condenses back into liquid water. The resulting distillate drips into a storage container.[2] 
Many purification and desalination processes need electricity, but even today, 63% of all rural households 
in India do not have electricity. Thus it is not uncommon for these areas to have 10-15 hours of blackouts 
and brownouts every day. Hence it becomes necessary to find some alternative source. When it comes to 
alternative source, the first name that comes into mind is solar energy. 
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  The sun has produced energy for billions of years. The sun’s total energy output is 3.8 ×1020 MW and 
only a tiny fraction, 1.8 × 1011 kW, of the total radiation emitted is intercepted by the earth. However, it is 
estimated that, 30 minutes of solar radiation falling on earth is equivalent to the world energy demand for 
one year. [3] Thus, in principle, solar energy can supply all present & future energy needs of world on 
continuing basis. [2]. While talking about heating through solar energy, the common name which comes 
to mind is flat plate collector. The technology and science are always trying to give advanced system 
which will give high efficiency and better output than the existing one. Now a days advanced system like 
parabolic, dish type, sheffler concentrators have been used successfully over the world with better effects. 
[4] 
2. Parabolic concentrator 
Maximum collection and utilization of solar energy is achieved in concentrating collector and it can be 
achieved in short period of time. The shape of solar concentrator is normally taken in the form of 
parabola. The temperature attained is in the range of 250O C. [5] 
2.1 Terms used  
The line passing through the pole and the centre of curvature of a concave reflecting surface is called 
the principal axis. The rays of the light parallel to the principal axis and incident upon the concave 
reflecting surface, meet at a certain point after reflection. This point is called principal focus of the 
parabola. [6] When the equation of parabola is y2= 4ax, then the parabola is symmetrical about X axis and 
when parabola with equation, x2 = 4 a y is used, then it is symmetrical about Y axis. Where, x = ordinate, 
y = Abscissa, a= focus point.  
2.2 Working principle 
A focusing solar concentrator works by reflecting solar radiation to a small area, where receiver is 
located as shown in Fig.1. To collect the maximum amount of sun rays on to the receiver, the parabolic 
concentrator should be always in line with the sun rays. Manual alignment of the dish to the sun is 
required regularly (every 20-25 minutes) as there is no automatic tracking mechanism. [7]The receiver 
has to be of dark black colour to absorb maximum solar radiation, so that the solar energy is transformed 
into heat energy. [8] 
 
 
Fig. 1 Working Principle of Parabolic concentrator 
y 
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3. Tracing a Parabolic curve  
In order to trace the parabolic curve, the aperture diameter should be decided. Considering the 
requirement of drinking water for a family during day time as 7 to 8 liters and if the system runs for 2 
hours in good sunshine condition, then  minimum 3 to 4 kW energy is required for steam formation of 7 
to 8 liters of water. The average value of Irradiance available in good sunshine is in the range of 855 
W/m2. Consider the aperture diameter as d=2.3 m, means radius of 1150 mm. Let, Ae be the effective 
aperture area, and Qi/p be the available energy input. Then,   
 
Ae = (pi/4) x (2.3)
2 = 4.15 m2               (1) 
Q i/p= Ibrb x Ae = 3552.7 Watts.                            (2) 
Let, focal point is at 500 mm and the projected radius is equal to 1150 mm. For the equation x2 = 4ay, 
keeping the value of a = 500 mm and the values of extreme points x are fixed from 1150 mm to  -1150 
mm and then  various values of y are calculated as shown in Table 1.  
Table 1. Calculations of Various values of y 
Values of x Values of y   y = x2/4a Values of x 
Values of y 
y = x2/4a
1150 661.25 -1150 661.25 
1023 523.26 -1023 523.26 
876 383.68 -876 383.68 
699 244.3 -699 244.3 
573 164.16 -573 164.16 
360 64.8 -360 64.8 
148 10.9 -148 10.9 
0 0 0 0 
 
4. Manufacturing of parabolic concentrator 
The making of parabolic frame from the top section, is done initially.  The material used for the frame 
is MS FLAT and the diameter of the top section is taken 2300mm. Similarly the bottom frame of radius 
148 mm is also manufactured by using the same material.   
  
  
Fig 2. Assembly of Concentrator  
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Eight supporting plates are formed in the shape of parabola and these plates are welded from bottom 
frame to the top section at equal distance around the circular path. The circular rings are inserted inside 
this frame. Aluminium reflectors are then placed over it. The whole assembly is mounted on supporting 
arms with the help of shaft as shown in Fig.2.   
5. Working of system 
Once the parabolic concentrator is manufactured then, black receiver having diameter equal to focal 
area is selected, (d=0.27m) and the top end of receiver is attached with main receiver. Main receiver is a 
cylindrical tube having diameter of 0.1 m and length 2.2 m, is made up of copper having high thermal 
conductivity. Finned system is provided on the periphery of tube for condensation as shown in Fig.3. 
Black receiver containing brackish water continuously receives heat, in the form of solar energy. The 
water gets heated and converted to steam. The steam is then condensed in the main receiver using fins 
and water dripped down along the side of the tube. Finns provide high rate of heat transfer to the 
surrounding by natural convection. The condensed pure water is collected in the collector. 
 
Fig.3. Experimental setup 
6. Performance analysis 
Available heat input, Q i/p from equation (2) is 3552.7 W, out of which 89% of heat has been reflected 
to black receiver, since reflectivity of material, ρ is 89%. During this, heat is lost due to the surrounding 
due to convection and radiation. The value of heat loss calculated by experimental study is approximately 
10% of the reflected solar energy; as a result available heat is 90%. [5] Let, Q1 be the heat energy 
received at the black receiver which is utilized for steam formation which can be calculated as,  
  
Q1 = 0.9 x [Q i/p ] x ρ  = 0.9 x [3552.7] x 0.89   = 2845.7 W                        (3) 
 If this heat is utilized for 8 kg of water at 35°C at room temperature  for 2 hours and then the 
temperature of steam Ts is calculated as,[9] 
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Q1= {mw x 1000 [Cpw(100-Tw) + Latent Heat of Vaporization. + Cps (Ts –100)]} / 2hrs       (4) 
2845.7 = {8 x 1000 [4.18 (100-35) + 2257 + 2(Ts –100)]} / (120 x 60) 
 ∴ Ts = 116.0 °C 
The actual value measured is found less than 116.0 °C as radiation losses would take place ∴ Ts  ≈ 108 
to 110 °C. The water temperature reaches 110 °C which is the (vaporized form) steam. The steam is then 
condensed in a main receiver. To dissipate more heat through convection, the sizes of a main receiver of 
2.2 m length and 0.1m diameter are finalized based on calculation furnished below. Finns are provided 
over the surface along the length. Same Q1, amount of heat should be removed to atmosphere by natural 
convection. The area of fins is designed for the maximum rate of heat transfer. (Considering Average heat 
transfer coefficient as 20 W/m2°K)[5].Then the required area would be  
 
Q1 = h A ( Ts - Tf) = 20 x A (110 – 35) = 2845.7.   (5) 
∴ A= 1.89 m2. 
The fined system has to be design for more than the area of 1.89 m2 for effective condensation. The 
parameters for longitudinal fins are taken as, fin height from the surface, L = 0.08 m, thickness t = 0.005 
m, width (along the length of pipe), w= 2.2 m and diameter of the cylinder pipe D = 0.1 mm, number of 
fins, N=06; conductivity, K= 75 W/m°K; Let, H be the perimeter, Aw  be the area of base surface, Acs  be 
the cross-sectional area of fin, Ab be the bare area on base surface, Afin be the surface area of fin, η  be the 
efficiency and  the effective area of the fin, A is calculated as,[9] 
 
Aw = pi. D .W = 3.142 (0.1 x 2.2) =0.691 m2                                                           (6) 
Acs = W t = 2.2 x 0.005 = 0.011 m2                                                             (7) 
Ab = Aw - N (Ac/s) = 0.691– 6 (0.011) = 0.625 m2                                                                                                    (8)                   
Afin = 2 L W = 2 x (0.08) x 2.2= 0.352 m2                                                                                (9) 
m = ( hP / K Ac/s)1/2= { [h x 2 x (W+t)]  / (KxW x t)} 1/2= 10.33 m2                                                 (10) 
η = [ tanh (mL) ] / mL= [ tanh ( 0.08)] / (10.33 x 0.08) = 0.8215 %                                  (11) 
A = Ab  + η N (Af) = 0.625  + 0.82 x 6 x 0.352=2.35 m2                                    (12) 
Considering manufacturing errors and contact resistance offered, the effective area would be 
considered as 2 m2 but the required area is 1.89 m2, hence condensation would be possible using natural 
convection. 
7. Result and discussion 
The value of Irradiance is 855 W/m2, at good sunshine condition during the time period between 11.00 
a.m. to 1.00 p.m. when the time period is different then the result would change accordingly. The value of 
temperature measured would change as per the surrounding condition such as, wind velocity and heat 
transfer coefficient as shown in Table 2.  
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Table 2. Result 
Time period 
 
Avg. Irradiance  
(W/m2) 
Q1 
(W) 
mw 
(kg) 
Temperature of Pure    
water at outlet Tw  (°C) 
9.00 a.m. to 11.00 a.m. 695 2310.2 6.4 44.45 
11.00 a.m. to 1.00 p.m. 855 2845.7 8.0 52.34 
1.00 p.m. to 3.00 p.m. 780 2592.4 7.3 49.67 
 
This shows that, during good sunshine 8 kg of water is used for purification whereas minimum of 6 kg 
of water can be used during any day time. Small quantity of water during good shine reduced the time 
required for purification. More would be the quantity of water, more would be the time required for 
purification. The best time for purification is between 11.00 a.m. to 1.00 p.m.  
8. Conclusion 
The system can condense water effectively with the help of finned system; hence no condenser or heat 
exchanger is required. The system can be used effectively for 6 hours in a day to get 20 litres of pure 
water for drinking. Many areas worldwide that suffer from severe water scarcities are increasingly dependent 
on desalination as a highly reliable, non-conventional source of freshwater. [10] The use of solar desalination 
system reduces the purification problems since it takes place without electricity or any other fuel like 
LPG. This is just a beginning to obtain distilling water without electricity and system should still be 
optimized for better result. 
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